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THEORETICAL MEAN COLORS FOR RR LYRAE VARIABLES
C. G. Davis and A. N. Co.
Los Alamos Scientific Laboratory
University of Caiiforn.a
ABRSTRACT

A hydrodynamically pulsating 3.6 Ho model of a tyrical RR Lyrae
variable has been studied vith a radiation transport-hydrcdynaxmic
computer program to prec’ct theoretical T. and colors at zany phases
and to find the proper methods for getting mean colors and the con-
sequent mean effective temperatures. The variable Fddingtom radiatico
approximation meihod was used with gray and with rultifrequency
absorption coeiflicients to represent the radiatice flcw in the outer
optically thin layers. Comparison betweer observed and corputed 2-7
colors indicate that these low 2 Populatioc II amodels are teascnablv
accurate using Xing lA composition opacities. 7ne well wnown Cke,
Giver, and Searle relation becween 3-V and Te is rerrcduced. ‘lean
colors are found by four different averaging methods. The method
that gives a mean color and the mean :e closest to the ronpulsating
model wvas the separate iatensi:v means of 3 and V, just as the case
for previous studies of classical Cepheids. The best mean fer Te.
vhich is known for all pulsztion phases from four color cbservaticos

of real RR Lyrae variables or ‘rom the calculated =cdel, {3 a tise

average of T. without any weighting function.
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I. INTRODUCTION

The probles >. ocbtainiag the mean color of BR Lyrae stars, in
order to get the correct non-pulsating temperature, is similar to that
for Cepheids (Cox and Davis 1975). In our nonlinear dynamic Dodels ve
knov the original ncupulsating t.cperature, ond by using & sulti-
frequency snapshot approach with the appropriate filter respomses,
in this case for the UBY filcers, wve can study various vays to obtain
mean colors. In this paper we study a model using nonlinear gray and
mul:ifrequency hydrod-macic transport calculations and Populatiom II
(Y= .299, 2 = .00]1) Xing lA mixture opacities. The discussion concerns
the taking cf cclor averages as well as the question, if we know the
effect!ive temperature at zany pnases, how best to obtain an average

for the non-pulsating texperature cf the nodel.

1I. METHOD

The radiation flow for our X2 Lyrae model is treated by a non-
equilibrium diffusice approximation where the radiation field is nct
directly ccupled to the raterial energy field as in the equilibrium
diffusion approxization. The method limits to equilibriuc gray ci:i-
fusion in optically thick zones and to streaming in optically thin
zones. The forward jpeaking of the radlation fleld is correctly des-
cribed using variable Eddington factors. In our model we use a plane
geometry characteristic ray calculation for the Eddington factors at
each time step and for each frequency group. The multifrequency cal-
culation is carried out for 1) frequency groups selected so that
ionization edges and the Planck function emission are well resolved
(Davis 1971). Some attecpt has been made to include effects due to
line radiation as perceived to be ipportant by Mihalas (1969). This

effect 1s i{rcluded using a forrulation proposed by Cassinellil and

described in Davis (1978).



Effects ou colors due to shock vaves transiting the atosphere
are approxisated using a number of optically thin zomes outsice the
photosphere and the Richtmeysr-Von Neuzsn =ethod cf pseudcviscosicy.
The phase of shock transiting occurs bYetween 0.4 and 0.5, vhere
phase 0.5 is spproximately the thase of peak lurirnogity. Therw s
some evidence that a UV excess occurs duriag this rhase tc affec:
the continuum colors (Davis 1975). Coundizices for “vdrcgen liae

emissiocn and Ca line doubling do exis: during this ;hase (811l 1972

1I71. MODEL
The selected aass is 0.6 ﬁa, and luminosity {log L, - .6) is
¢ = 0.7 = 4. 72, This is Iz ¢ matl
equivalent to an %ol 0.72 vhere y‘bolo This is TeascTatle

agreement with Cke, Giver, acd 3earle (1361} eszizate I3z 3T 2ra. A

T.ff = 6840 X (log T. * 3.335) then gzives a funceoental pecizd =f

days. The inner radius -7 z1e podel s less -han 101 of che protospheric

radius. No convection is ailowed as apprcpriate ot thls e valce
(Dsupree 1977). A zero pressure hydrsdvna=ic Scwndary ccoacditicm s
applied.

In our structure calculaticecs we Save founcd that T2 zozes wits

IS TegC.VE

5-10 zones ian the cptically thir atxosshere are sufficien

(4]

the luminosity curve. Some acise still rewalas rear l{ght =ini=:=

wvhen the ionizatiomn front has approached o ! or 2 zcones frc= the
star's surface. The shoci: escaping duriag the phase near l:gn:t =fni=uz
through light maximum results in the cbservatiocn of HY iine e=issicn.

In our models we have oot resolved the detailed at=cspheri: structure

during this phase (Hill 1972). The effects the-efcore of line e=issions
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during the phase of light minimun to rising light are not treated
exactly byt the effects on the colors are expected to be small.
Spectra using the calculated structures at asny phases and 30
different frequency grfoups are convolved vith the B ané ¥V filters.
Raw colors b, v are corrected for their relative transparency by the

formuls

B-Ve=b -v+0.65

as for the classiczl Cepnheids considered previcusly by Cox and Tavis
(1975).
Figure . shcws the calculzzed ”bol for the =odel vhere the vari-

. 33 : .
atiot s > 1.3, This is larzer than the usual observei ramge cf V

for AR LyTae stats I~ N, Figure 2 shows the variaticcs of :eif
wersus phase whish gc from appronizately S€00 o VIO XK. Im Figs. 3

and & ve shov the Tadius and velocity variaticos as caliuiated. The

varfation in vadius is ligke 12=137 arcund a value of i.: 23. The

the velccizy

[
s
n

observel Tange o velzciy !s %I k=/s. The lower lin
calcuiated at - = 4434 % at an optical depzh of J.10 (:the locatic:

0f the omtal lines).

IV. RESULTS

The tracsformation formula for the zeaversicon froz 3-V ceclers

as derived Sy ke, Siver and Searle (1962) for SU Dra with

(34

the assupiion that the star is 'mreddened fs Z = 2.52 + 0,51 (3-V)
vhere 7 w 2C¢T 78, We use :his fermula for cur coTpariscus. In
Pigs. 5 and & ve plot the OGS relaticnship agaizst the calculation

for the zravy and =uliifrequency structures, respectively. There Is
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Fig. 1. Calculated bolomet-ic mapnitude for three periods (P = 0964).

Note wiggles near light minimum (see text).
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Fig. 3. Calculzted rhotospheric radius (Req = 4.5 R,).
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Fig. 4. Calculated velocity at T = 2/3. 2 = line velocity at 4404 A,
T = 0,10.
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B-V versus log Terf calculated using gray transport structure.
Soiid line shows Oke, Giver, and Searle relation. Calibration
values (0) for static models at L = 38 L_ and Teff = 6800, 6500
and 6350 K are plotted. Squares (Q) ate®calibration values with
convection. Dashed line is fitted to Kurutcz's latest results
(unpublished).
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Fig. 6. B-V versus log T,¢¢ calculated using MF/G transport structure. Solid

line shows the Oke, Giver, and Searle relaticn. Calibration values
(0) for static models at L = 38 Le and Teff = 6800, 6500, and 6350 K
are plotted.
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sn improvement in slope for the multifrequency structure as anti-
cipated by Cox and Davis (1975).

Tae various averages of B~V that we obtained‘are shown in Table 1.
Averages over the three periods, for the intensity means <Baint - <v>in:’
for the gray structure which is essenrially the same for the multi-
frequency structure is 0.264. The average Teff calculated from the OGS

relation 1s 6678 K within 162 K of the model T gs (6840 K). The other
means are at least 600 K lew. The static fine zomed radiative iodel
givesa (B-V) of .244 and an 0GS Tegs of 6770. In Fig. 6 we also plot
calibration points for static models with L = 38 LQ, and 6800, 6500
and 6350 K effective temperatures.

Direct averages of Teff were obtained.using 100 phases over
three periods for a more reasonable ar .litude variation of RR Lyrae
(~ l.lm) and for our King 1A large amplitude model (l.8m). T

eff s

determined from the relatiomship:

2 4
L = awR* Teff

where L is the multirfrequency transrort calculated lurinosity and R,
the photospheric radius determined at T = 2,/3. The weightings used
were none, direct weighting on L and a weighting similar to that used

by Lub (1977), i.e.,

eq 1/2 2 ,1/2
Oc g [L/<L) ™% 8l 177 .

The results for the 1.1" model (Fig. 7), averaged over three periods
are: Teff = 6800, 7115, and 6670 K, respectively® Only the direct

luminosity weighting is well out of linme, beiug high by 300 K, but
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TABLE 1
i Tate® Zeee™®)
<I—?>..‘ + 3907 6151 -689
<3>1n: - <V)int .2640 6678 -162
<‘-‘>1nt .4018 6108 -732
-<"—B>lnt .4532 5925 =915

using the Cke, Giver, and Se

arle relation

Te i = 5040/%2
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the unweighted wezn is the best. For our larger amplitude King 1A
model the direct T‘ff average is 500 K low and the Lub average was

pot attempted.

V. CONCLUSIONS
The slope of our (B-V), log T. relation is close to that given
by Oke, Giver, and Searle if one uses a full transport soluticn for
the atmospheric structure.‘ It appears that an intensity mesn on 3
and V is the most appropriate mean to use for RR Lyrae stars as for
Cepheids. From <B> - <> we obtain a calculated T vithie

int int eff

about 160 K of the known nonpulsating ‘re A model calculated that

££°
agrees in amplitude variations with RR Lyrae implies that a direct tize

average of Te is preferable to any other weighting.
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